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This  manufacturing  methods  and  technology  program  refined  the  design  for 
a  composite  main  rotor  blade  (CMRB)  for  the  AH-64A  advanced  attack 
helicopter,  perfected  the  fabrication  technology  for  manufacturing  it  by  wet 
filament  winding  process,  and  demonstrated  it  through  laboratory  tests  and 
whirlstand  tests.  The  CMRB  replaces  the  equivalent  metal  main  rotor  blade 
with  a  weight  saving  of  24  pounds  and  a  unit  production  cost  saving  of 
$194,  300  per  shipset.  Ballistic  tolerance  against  23mm  HEI-T  was  _ 
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'demonstrated,  ajid  satisfactory  erosion  protection  and  lightning  protection 
methods  were  incorporated.  Flight  test  information  will  be  added  in  a 
later  revision  of  this  report. 


This  volume  contains  Appendices  that  pertain  to  the  basic  final  report. 
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This  appendix  contains  the  revised  static  and  fail  safe  stress  analysis  of  the 
YAH-64  CMRB. 

Based  on  this  analysis,  there  will  be  no  failure  at  ultimate  load  (l.Sx  limit)  and 
negligible  permanent  set  under  limit  loads.  In  addition,  with  a  critical  structure 
element  failed  (i.e.,  one  lug  in  four  (4)  lug  joint)  the  CMS  will  be  capable  of 
taking  limit  loads  as  ultimate  without  failure.  Penaanent  set  is  allowed  under 
these  conditions. 

The  CMRB  sutic  loads  are  given  in  Section  20  starting  on  Pg.  A20.01.  Centrifugal 
Force  vs.  Blade  station  at  various  rotor  speeds  along  with  blade  momenu  are  listed. 
Loads  arc  from  Reference  1 . 

Revised  section  properties  are  given  on  Pg.  A30.02  in  Table  30-1.  A  plot  of  section 
properties  is  given  on  Pg.  A30.03. 


A  sismary  of  all  testing  done  on  the  CWB,  both  the  original  design  and  the  re¬ 
designed  blade  is  shown  on  pg.  A10.04.  See  also  References  2  and  3.  Redesign 
consists  of  the  following: 

1.  .048“  graphite  inner  skin;  was  .010“  kevlar. 

2.  Honeycomb  supporting  the  trailing  edge  skin  and  swept  tip;  was  Kevlar  tubes 
and  Kevlar  ribs  respectively. 

3.  .075  graphite  channel  that  runs  the  length  of  the  blade;  was  .048*  Kevlar  web. 

4.  Double  flange  bushing  (spool)  at  the  attach  lub;  was  a  single  flange  bushing. 


The  above  changes  increased  the  blade  strength,  however  all  static  testing  was 
done  with  specimens  vdiich  were  of  the  original  design/ 
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IKTRODUCTION  -  (Confd) 

Pg.  MO. 01  shows  the  cross  section  of  the  lugs  with  double  flange  bushings  (spools) 
now  being  used  on  the  CKRS  to  contain  the  fibers  because  they  tend  to  spread  or 
flatten  out  when  loaded.  This  design  also  allows  the  fibers  to  be  wound  tightly 
around  the  bushing  resulting  in  10S  oere  fibers  being  used  in  the  aake-up  of  the 
lug  versus  the  single  flange  design.  This  results  in  a  lug  of  greater  strength. 

Pg.  MO. 02  shows  the  laxiaun  lug  load  reach  during  test  (specimn  had  single  flange 
lug  bushings).  The  lug  did  not  fail  (specimen  club  end  failed.  Ref.  2}  and  cal¬ 
culations  show  the  lug  can  withstand  a  load  40«  higher  than  ultimte.  The  test 
substaniated  the  attach  lugs  and  root  portion  of  the  blade.  Analysis  for  the 
blade's  constant  section  is  shown  on  Pgs.  A50.01  and  A50.02. 

The  tip  section  of  the  blade  has  been  strut" jally  substaniated  by  static  test 
(see  Ref.  2).  Loading  of  the  tip  is  shown  on  Pg.  A60.01.  The  blade  tip  withstood 
356S  of  limit  load. 

Structural  integrity  has  been  established  by  analysis  and  test.  For  analysis 
before  test  see  the  main  body  of  the  report. 
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SUW1ARY  OF  TESTS  RESULTS 


This  page  presents  the  results  of  tests  conducted  on  the  Conposite  Main  Rotor  Blade 
for  the  YAH-64  Advanced  Attack  Helicopter.  The  tests  were  conducted  at  the  Hughes 
Helicopters  Inc.  Structures  Test  Laboratory,  CuWer  City.  CA.,  between  January  1980 
and  August  1 981 . 

One  each.  Swept  Tip  speclscns  were  subjected  to  Static,  Ground-AI r-Oround ,  and  Fatigue 
loading.  One  each.  Root-Midspan  speclaens  were  subjected  to  Static  and  Ground-Air- 
Ground  loading.  Five  Root  specloens  were  tested  under  fatigue  loading. 

Significant  test  results  are  as  follows: 

1.  Swept  Tip  Static,  GAG  and  Fatigue  tests. 

a.  loos  radial  Unit  load  achieved  on  swept  tip  section  without  failure 
or  permanent  sec. 

b.  100S  vertical  limit  load  and  ultimate  load  on  aft  tip  weight  box  without 
failure  or  perman^.it  set.  211S  radical  limit  load  achieved  on  swept  tip 
assembly  without  failure. 

c.  SJK%  radial  limit  load  achieved  on  fwd.  and  aft  tip  weight  boxes  without 

failure. 

d.  108,000  cycles-,  representing  eight  times  three  GAG  cycles  per  hour  for 
a  service  life  of  4500  hours  achieved  without  failure. 


2.  Root-Mi dspan  Static  and  GAG  tests. 

a.  loos  radial  limit  load  applied  statically  without  yielding  or  permanent 
set.  Failure  at  the  club  end  occurred  at  149S  limit  load. 

b.  108.000  cycles,  representing  eight  times  three  GAG  cycles  per  hour  for 

a  service  life  of  4500  hours  achieved  without  failure.  Lug  failed  at  33,200 
cycles  of  125S  GAG  load. 

3.  Root  Fatigue  Tests 

a.  Tests  conducted  on  specimens  1  and  2  were  considered  Invalid  due  to 
overheating  of  the  test  specimen  resulting  from  an  excessive  test  cyclic 
load  rate. 

b.  A  premature  failure  of  specimen  No.  3  Indicated  Insufficient  fatigue 
strength  of  the  blade  attachment  lugs  as  originally  designed. 

c.  Specimen  4,  which  Incorporated  design  configuration  changes  yielded 
greatly  improved  fatigue  strength  In  the  lug  area  although  lateral 
expansion  of  the  lugs  was  still  present. 

d.  Specimen  5,  with  shlammd  lugs  which  simulated  the  additional  lateral 
restraint  of  the  longo  fibers  obtainable  from  the  future  use  of  double 
flanged  lug  bushings  showed  no  damage  or  lateral  expansion  of  the  lugs 
after  947,700  cycles  at  Increased  load  levels.  The  last  50,400  cycles 
were  obtained  at  the  mean  1  hour  load  level.  The  required  nuid>er  of 
cycles  at  the  1  hour  load  level  Is  17,340.  The  root  end  of  the  blade 
could  still  support  centrifugal  force  when  the  test  was  terminated  due 
to  Increased  deflections. 
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Load  Condition 

Type  of  Stress 
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n^*! .0 

Compression  in  Kevlar  spar 
longos  after  the  T.E.  longos 
have  buckled 
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Blade 

Tip 

RPM  -  376 

Vf-150  Kn 

nj«3.5 

Tension  load  applied  to  tip 
weight  housings  and  blade  tip 
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Mean* 
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nl 
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• 

\ 

e  ig  static  droop  aeMat  vlth  respect  to  a  berlaootal  refereoee  plane. 


fkti  A.2&iSl1.  of 


SECTION  PROPERTIES 

Section  properties  ere  listed  in  Table  30-1  in  this  section.  El^,  El^ 
and  GJ  are  shown  graphically  on  pageA30.03.  On  pageOO.O?  the  shear 
flows  due  to  a  1000  in-lb  torque  applied  to  the  blade  are  shown.  On  page 
A30.08  is  listed  the  test  data  from  which  the  calculated  torsional 
stiffness  of  the  blade  was  verified. 
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TRAILING  EDGE 


The  buckling  load  for  the  trailing  edge  is  calculated  assiasing  it  to  be  a  colunr 
on  an  elastic  foundation.  Comparing  the  buckling  load  with  the  applied  load  it 
can  be  seen  that  the  trailing  edge  will  not  buckle  at  limit  load  for  the  Maximum 
Rotor  Torque  condition. 

The  analysis  shows  that  the  spar  caps  can  resist  the  remaining  bending  load  after 
the  trailing  edge  buckles  above  limit  load.  That  is  the  instant  the  trailing  edge 
buckles  elastically  at  a  stress  of  16,900  psi;  the  spar  caps  will  pick  up  the 
remaining  load  preventing  atvy  inelastic  buckling  of  the  trailing  edge.  Since  only 
elastic  buckling  occurs,  no  failure  results. 
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APPENDIX  B 

FATIGUE  ANALYSIS  OF  THE  COMPOSITE  MAIN  ROTOR 
BL.\DE  FOR  THE  AH-64A  HELICOPTER 
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IKTRODUCTIOW 

Fatigue  life  of  the  CMRB  Is  equal  to  or  greater  than  4S00  hours  as  required  per 
Specification  Number  AHC-SS-AAH-H10000.  Also  with  a  critical  element  failed  the 
CMRB  Is  capable  of  a  minimum  of  thirty  (30)  minutes  of  flight  after  Initial  failure. 

The  revised  fatigue  life  of  the  CHRS  has  been  substantiated  by  a  combination  of 
analysis  and  conponent  fatigue  tests.  A  sumary  of  test  results  Is  shown  on  Pg. 
A10.05.  Fatigue  analysis  of  the  blade  before  testing  Is  presented  In  the  main  body 
of  the  report. 

Five  root  specimens  were  tested.  The  first  two  specimens  were  root-m1dspan  specimens 
The  purpose  being  to  test  the  blades  root-end  and  mid-span  simultaneously.  During 
testing  of  the  specimens  1  and  2  premature  lug  failures  occurred  at  8000  and  24000 
respectively  due  to  the  high  rate  of  cyclic  loading  (approximately  13  Hz),  which 
cause  heating  of  the  lugs  and  an  undue  rise  In  temperature  leading  to  early  failure. 
13*  Hz  was  the  resonant  frequency  of  the  specimen. 

A  premature  failure  of  specimen  No.  3  Indicated  Insufficient  fatigue  strength  of 
the  blade  attachment  lugs  as  originally  designed.  Specimen  4,  which  Incorporated 
design  configuration  changes  yielded  greatly  Improved  fatigue  strength  In  the  lug 
area  although  lateral  expansion  of  the  lugs  was  still  present. 

The  present  design  of  the  blade  lugs  has  a  double  flange  bushing  (spool)  to  contain 
the  fibers  because  they  tend  to  spread  or  flatten  out  when  loaded.  The  previous 
tested  blade  specimens  had  bushings  with  only  a  single  flange.  To  structurally 
simulate  the  current  design  In  the  fatigue  test,  shims  were  placed  between  the  link 
assenbly  and  the  blade  lugs  fof  specimen  5. 

Specimen  5.  with  shinned  lugs  showed  no  damage  or  lateral  expansion  of  the  lugs 
after  947,700  cycles  at  Increased  load  levels.  The  last  50,400  cycles  were  obtained 
at  the  mean  1  hour  load  level.  The  required  nimter  of  cycles  at  the  1  hour  load 
level  Is  17,340.  The  root  end  of  the  blade  could  still  support  centrifugal  force 
when  the  test  was  terminated  due  to  Increased  deflections. 
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INTRODUCTION  -  (Confd) 

Other  changes  to  the  original  design  that  increase  the  fatigue  strength  are  as 
follows: 

1.  .048"  graphite  inner  skin;  was  .010"  Kevlar. 

2.  Honeycoot)  supporting  the  trailing  edge  skin  and  swept  tip;  was  Kevlar  tubes 
and  Kevlar  ribs  respectively. 

3.  .075  graphite  channel  that  runs  the  length  of  the  blade;  was  .048  Kevlar  web. 

A  sionary  of  loads  and  test  results  is  given  on  Pg.  815.01  for  specimens  3.  4,  and  S; 
and  on  Pg.  810.05  is  a  sunnary  of  all  testing  done  on  the  CMR8. 

One  swept  tip  was  tested.  Loads  and  results  are  shown  on  Pg.  815.02.  The  swept 
tip  is  of  original  design  with  .010*  Kevlar  inner  skin  and  Kevlar  ribs  supporting 
the  skin.  The  present  design  has  honeycomb  supporting  the  skin  and  is  stronger. 

From  test  results  shown  on  Pg.  815.01  and  Pg.  815.02,  flignt  L-N  fatigue  curves  are 
developed  starting  on  Pg.  620.01.  For  flap  bending  and  chord  bending  curves,  the  j 
most  conservative  conti nation  of  45°  and  0°  curve  shapes  is  used.  This  is  because 
either  the  45°  or  0°  fibers  may  fail  first.  For  torsion,  only  the  0°  curve  shape 
is  used  since  torsion  is  resisted  as  axial  load  in  the  j;,  45°  fibers.  The  attach 
lug  curve  shape  is  based  on  the  0°  fibers.  The  mean  test  curve  at  the  endurance 
limit  Is  reduced  as  follows: 

L-N  CURVE  SCATTER  REDUCTION  FACTORS 


Number  of  Fatigue 
Test  Specimens 


Percent  of  Mean  L-N 
Curve  Used 


4  or  more 


Statistical  analysis 
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introduction  -  fConfd) 

Values  obtained  for  endurance  limit.  10  hour  and  1  hour  flight  allowables  are 
shown  on  Pg.  630. Cl  and  compared  to  metal  blade  allowables. 

Starting  on  Pg.  640.01  the  values  on  Pg.  630.01  for  endurance  limit  and  one  hour 
are  shown  graphically  along  with  the  applied  blade  load  curve.  From  these  curves 
the  fatigue  strength  of  the  C^B)8  can  be  compared  to  the  metal  blade  and  the  load 
applied  to  the  blade. 
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SUWARY  OF  TESTS  RESUITS 


This  page  presents  the  results  of  tests  conducted  on  the  Composite  Main  Rotor  Blade 
for  the  YAH>64  Advanced  Attack  Helicopter.  The  tests  Mere  conducted  at  the  Hughes 
Helicopters  Inc.  Structures  Test  Laboratory,  Culver  City,  CA.,  between  January  1980 
and  August  1981. 

One  each,  Swept  Tip  specimens  were  subjected  to  Static,  Ground-Alr-Ground,  and  Fatigue 
loading.  One  each,  Root-.MIdspan  specimens  were  subjected  to  Static  and  Ground-Alr- 
Ground  loading.  Five  Root  specimens  were  tested  under  fatigue  loading. 

Significant  test  results  are  as  follows: 

1.  Swept  Tip  Static,  GAG  and  Fatigue  tests. 

a.  loos  radial  limit  load  achieved  on  swept  tip  section  without  failure 
or  permanent  set. 

b.  loos  vertical  limit  load  and  ultimate  load  on  aft  tip  weight  box  without 
failure  or  permanent  set.  211S  radical  limit  load  achieved  on  swept  tip 
assembly  without  failure. 

c.  3UX  radial  limit  load  achieved  on  Avd.  and  aft  tip  weight  boxes  without 

failure. 

d.  108,000  cycles,  representing  eight  times  three  GAG  cycles  per  hour  for 
a  service  life  of  4500  hours  achieved  without  failure. 


2.  Root'MIdspan  Static  and  GAG  tests. 

a.  loos  radial  limit  load  applied  statically  without  yielding  or  permanent 
set.  Failure  at  the  club  end  occurred  at  149S  limit  load. 

b.  108,000  cycles,  representing  eight  times  three  GAG  cycles  per  hour  for 

a  service  life  of  4500  hours  achieved  without  failure.  Lug  failed  at  33,200 
cycles  of  125S  GAG  load. 

3.  Root  Fatigue  Tests 

a.  Tests  conducted  on  specimens  1  and  2  were  considered  invalid  due  to 
overheating  of  the  test  specimen  resulting  from  an  excessive  test  cyclic 
load  rate. 

b.  A  premature  failure  of  specimen  No.  3  Indicated  insufficient  fatigue 
strength  of  the  blade  attachment  lugs  as  originally  designed. 

c.  Specimen  4,  which  Incorporated  design  configuration  changes  yielded 
greatly  Improved  fatigue  strength  In  the  lug  area  although  lateral 
expansion  of  the  lup  was  still  present. 

d.  Specimen  5,  with  sh1n»d  lugs  which  simulated  the  additional  lateral 
restraint  of  the  longo  fibers  obtainable  from  the  future  use  of  double 
flanged  lug  bushings  showed  no  damage  or  lateral  expansion  of  the  lugs 
after  947,700  cycles  at  .Increased  load  levels.  The  last  50,400  cycles 
were  obtained  at  the  mean  1  hour  load  level.  The  required  mmbcr  of 
cycles  at  the  1  hour  load  level  1$  17,340.  The  root  end  of  the  blade 
could  still  support  centrifugal  force  when  the  test  was  terminated  due 
to  Increased  deflections. 
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DAMAGED  COMPOSITE  MAIN  ROTOR 
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INTRODUCTION 

This  appendix  contains  the  structural  analysis  of  the  ballistically  damaged  YAH-64 
CMRB. 

Based  on  this  analysis,  there  will  be  no  failure  at  the  limit  vulnerability  condition 
(N^  *  2.0g,  V  ■  150  kn.  RPM  289).  The  fatigue  life  of  the  CMRB  after  sustaining 
ballistic  damage  is  greater  than  30  minutes. 

The  damage  model  is  based  on  an  inpact  by  a  23nn  high  explosive  incendiary  (HEI) 
projectile.  Extent  of  the  ballistic  damage  is  based  on  experience  with  the  metal 

YAH-64  main  rotor  blade  and  the  composite  multi -tubular  spar  main  rotor  blade  for 
the  AH-IG. 
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Table  C-2.  Main  Rotor  Blade  Preliminary  Vulnerability  Fatigue  Spectrum 
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This  appendix  supplements  the  dynamics  section  of  the  CMRB  final  report. 
It  summarizes  mode  shapes  in  Figures  D-la  through  D-ln  that  show  mode 
shape  plots  for  the  CMRB  with  cyclic  boundary  conditions. 

At  frequencies  where  there  are  significant  real  and  imaginary  deflections, 
both  components  are  plotted. 
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Figure  D- 1  b.  CMRB  mode  shapes 
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Figure  D-le.  CMR B  mode  shapes . 
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Figure  D- 1  f.  CMRB  mode  shapes. 
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Figure  D- 1  h.  CMRB 
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CMRB  mode  shapes. 
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Figure  D-lj.  CMRD  mode  shapes 
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Figure  D-ll.  CMRB  mode  shapes. 
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1.  SCOPE 

1.  1  This  process  bulletin  establishes  the  materials  and  processes 
required  to  fabricate  the  Model  77  composite  main  rotor  blade  (CMRB) 

PI4  7-311412500.  It  is  currently  in  preliminary  form  and  will  be  finalized 
before  production  begins. 

2.  applicable  documents 

2.  1  Government  documents.  The  following  documents,  of  the  issue  in 
effect  on  date  of  the  initiation  for  bids  or  request  for  proposal,  form  a  part 
of  this  specification  to  the  extent  specified  herein.  In  case  of  conflict  between 
these  documents  and  this  specification,  the  requirements  of  this  specification 
shall  prevail. 

specifications 


Federal 


QQ-W-423 

Wire.  Steel,  Corrosion  Resisting 

RR-W.360 

Wire  Fabric,  Industrial 

TT-I-735 

Isopropyl  Alcohol 

TT.M-261 

Methyl  Ethyl  Ketone,  Technical 

MMM-A-132 

Adhesive,  Heat  Resistant,  Airframe 
Structural,  Metal  to  Metal 

Miliurv 

MIL-C-9084 

Cloth.  Class,  Finished,  for  Resin 
1-aminates 

MIL-T-21014 

Tungsten  Base,  High  Density  Metal 
(Sintered  or  Hot  Pressed) 

MlL-A-21180 

Aluminum  Alloy  Casting,  High 
Strength 

MIL-S-22473 

Sealing.  Locking  and  Retaining 
Compounds,  Single -Component 

MIL-R -60346 

Roving.  Class.  Fibrous  (for  Filament 
Winding  Applications) 

Hughes  IlsIlcopWti.  Inc. 
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7-311412615 

Forward  chaonel  mold 

7-311412616 

Aft  chAnnel  mold 

7-311412617 

Trailing  edge  longo  mold 

7-311412618 

Root  end  wedge  mold 

7-311412619 

Form  block 

7-311412620 

Root  end  dam  mold 

7-311412625 

Template  (erotion  strip  buildup) 

7-311412629 

Index  plAte,  end  plate 

7- 311412630 

Tool  assembly  layout 

7-311412632 

Template  guide  setup 

7-311412633 

End  dome  detail  winding  mandrel 

7-311412636 

Spar  broom  winding  fixture 

7-311412638 

Spacer  —  tip  core  and  mold 

7-311412639 

Skin  layup  layout 

7-311412640 

Bushing  location  fixture 

7-311412641 

Blade  cooling  fixture 

7-311412642 

Root  end  dam  locator 

7-311412643 

Filler  ~  dummy  tube  and  trailing  edge 
longo 

7-311412644 

Tip  weight  locator 

7-311412645 

Spar  wedge  template 

7-311412646 

Template  spar  cap  tip 

7-311412647 

Staging  table 

t«43A 
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Microballoons 

Polyurethane  erosion  strip  bonding  adhesive  and  primer  (HMS  16-1171) 
Polyurethane  erosion  scrip  banding  adhesive  and  primer  (HMS  17-1172) 

Hesin  and  hardeners  (HMS  16-1115| 

S-glass  roving  (MIL-R -60346,  Type  IV,  Class  1) 

Tungsten  (MIL-T-2  1014) 

Urethane  foam  (HMS  17-1175) 

Wire  rods,  316  CRES  (QQ-W-423) 

3,2.2  Shop  aids. 

Double -back  tape 
Isopropyl  alcohol  (TT-I-735) 

Metal  spacer 

Methyl  ethyl  ketone  (MEK)  (TT-M-261) 

Mold  release  (Ram  225,  or  equivalent) 

Peel  ply  (Air  Tech,  Tool  Tech,  or  equivalent) 

Polyethylene,  film,  2 -mil,  embossed 
Polyvinyl  alcohol 
Scrim  cloth 
Sealant  tape 

Styrofoam,  sheet,  I /2 -inch  (12.  7  mm) 

Tedlar  film,  1-mil 
Teflon  plugs 

Wax  (Trewax,  or  equivalent) 

Wrightlon  tube  (Vac  Pac,  3-mil)  (7400  LF.  0.003) 

SOHM  1S43A  &  Hughes  HaMLopsate.  Inc. 
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3.3.2  Fabrication  of  reinforced  glaatic  subaisemblies.  Reinforced 
plastic  subatsembUes  shall  be  fabricated  in  accordance  with  HP  15-42  and 
HP  15-67.  Colored  cotton  thread  may  be  used  within  the  fiberglass  laminates 
to  indicate  the  fiber  orientation. 

3.  3.2.  1  Fiberglass  subassemblies  shall  be  fabricated  with  a  nylon  peel 
ply  which  shall  be  removed  just  prior  to  the  bonding  operation.  All  peel  plies 
shall  be  marked  "Remove  Peel  Ply"  with  letters  no  smaller  than  1/4  inch 
(6.  35  mm)  in  accordance  with  HP  8-5. 

3.  3.2.2  Fiberglass  may  be  spliced  in  the  filler  area  and  60-degree  wraps 
of  spar  tubes  only.  Splices  shall  be  overlapped  at  least  1  inch  (25.4  mm). 

3.  3.2.  3  Fiber  volume  requirements  and  drytwet  fiber  weight  ratios  are 
specified  below. 

3.  3.2.  3.  1  A  50-percent  fiber  volume  and  a  0.  56  eO.  03  drytwet  fiber 
weight  ratio  are  required  for  Kevlar  49  fabric  and  rovings, 

3.  3.  2.  3.  2  A  55-percent  fiber  volume  and  a  0.  60  eO.  03  drytwet  fiber 
weight  ratio  are  required  for  graphite  fabric  and  rovings. 

3.  3.2.  3.  3  Fiber  volume  and  drytwet  fiber  weight  ratios  shall  be  performed 
as  required  by  this  EPB  in  accordance  with  the  techniques  specified  in 
HP  15-67. 

3.  3.2. 4  Storage  of  any  filament  wound  or  other  uncured  component  await¬ 
ing  incorporation  into  a  blade  shall  be  done  at  low  temperatures,  in 
accordance  with  the  guidelines  set  forth  in  HP  15-67. 

3.  3.2.  5  HMS  16-1164  (Kevlar)  yarns  and  fabrics  shall  be  dried  out  prior 
to  impregnation  in  accordance  with  HP  15-67. 

3.  3.  3  Fabrication  records.  The  following  information  is  required  to  be 
recorded  in  the  individual  planning  for  each  blade  fabricated  (including 
individual  components). 

3.  3.  3.  1  Fabrication,  start  and  completion  time. 

3.  3.  3.  2  Lot,  batch,  or  any  other  applicable  identification  numbers  for 
all  materials  used. 

3.  3.  3.  3  Resin  mixing,  dates  and  times. 
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3.  3.  4.  4  LcAding  edge  balance  •weight  rod».  The  316  CKES  stainlesa  steel 
baUnce  rods  shall  be  processed  as  follows. 

3.  3.4.4.  1  The  required  number  and  lengths  are  as  specified  in  3.  3.  6.  1.  1. 

3.  3.4.  4.2  Etch  and  prime  the  cut  rods  in  accordance  with  HP  9-26. 

3.  3.  4.  4.  3  Identify  in  accordance  with  HP  8-5  and  seal  in  a  polyethylene 
bag  until  ready  for  use. 

3.  3.4.  5  Tungsten  leading  edge  balance  weight.  The  tungsten  balance 
weight  shall  be  prepared  as  follows. 

3.  3.  4.  5.  1  Etch  and  prime  in  accordance  with  HP  9-20. 

3.  3.  4.  5. 2  Identify  in  accordance  with  HP  8-5  and  seal  in  a  polyethylene 
bag  until  ready  for  use. 

3.3.4.  6  Backing  strips.  The  301  CBES  stainless  steel  backing  strips 
shall  be  processed  as  follows. 

3.  3.  4,  6.  1  Etch  and  prime  in  accordance  with  HP  9-26. 

3.  3.4.  6.2  Identify  in  accordance  with  HP  8-5  and  seal  in  a  polyethylene 
bag  until  ready  for  further  use. 

3.  3.4.7  Aluminum  wire  mesh  (7-311412547).  The  5056  aluminum  lightning 
screen  (RR-'W-360,  Type  1.  Class  2)  shall  be  processed  as  follows. 

3.  3.  4.  7.1  Clean  using  MEK  (TT-M-261)  spray,  repeated  as  required  to 
remove  any  visible  contamination. 

3.  3.  4.  7. 2  Identify  in  accordance  wit**.  HP  8-5  and  seal  in  a  polyethylene 
bag  until  ready  for  further  use. 

3.  3.  5  Curing.  The  minimal  acceptable  cure  cycle  is  dependent  on  the 
adhesive  and  resin  system  used.  The  most  frequently  used  acceptable  cure 
cycles  are  as  follows.  When  any  deviation  from  these  is  used  it  must  be 
with  the  consent  of  the  HHI  Materials  Processes  and  Standards  Department, 
as  indicated  by  the  signature  of  the  cognizant  MPItS  engineer  on  the  applicable 
shop  planning. 
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3.  3.  6.  2  Voids  greater  than  0.  125  inch  (3.  175  mm)  in  depth  shall  be 
repaired  as  follows; 

WARNING 

Fire  hazard:  solvent  is  dangerous  when  exposed  to 
heat  or  flame;  use  only  with  plenty  of  ventilation 
away  from  smoke  and  flames.  Flashpoint  22  *F 
(-5.  5*0. 

3.  3.  6.  2.1  Solvent  wipe  area  with  TT-M-261  MFK. 

3.  3.  6.  2 . 2  Scuff  sand  the  area  with  ISO  -  320  grit  paper  to  remove  any 
gloss  from  the  resin  surface.  Solvent  clean  as  in  3.  6.  3.  2.  1. 

3.  3.  6.2.  3  Mix  and  apply  HMS  16-1068,  Class  3  adhesive  in  accordance 
with  HP  16-25,  filling  voids  flush  with  the  surrounding  surfaces. 

3.3.7  Secondary  bonding  operations. 

3.  3.  7.1  Film  adhesive  bonding  operations  shall  use  HMS  16-1111,  Class  3 
adhesive  in  accordance  with  HP  16-30. 

3.  3.7.2  Paste  adhesive  bonding  operation  shall  use  HMS  16-  1068. 

Class  3.  adhesive  in  accordance  with  HP  16-25. 

3.  3.  7.  3  Electrical  connections  shall  be  sealed  using  HMS  16-1 147,  Class  2 
adhesive  in  accordance  with  HP  5-10. 

3.  3.  7.  4  The  7-31141 52 516-11  erosion  strip  shall  be  bonded  in  accordance 
with  EPB  16-139. 

3.  3,  8  Finish  (paintl.  Finish  in  accordance  with  EPB  4-230. 

3.  3.  9  Weight  and  balance.  Weight  and  balance  procedures  shall  be  in 
accordance  with  EPB  30-164.  Install  weight  retention  fitting  doors  and 
secure  fasteners  using  MlL-S-22473,  Grade  C  in  accordance  with  HP  15-45. 
Torque  fasteners  to  25—35  inch-pounds  (2.  8— 4.  0  N-m)  in  accordance  with 
HP  6-3. 

4.  QUALITY  ASSURANCE 

4.  1  Provisions  of  the  NDE  plan  apply. 
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6.  NOTES 

6.  1  Intended  use.  This  process  is  intended  for  use  in  the  fibricetion  of 
the  composite  mein  rotor  blades  for  the  Model  77  helicopter. 

7.  APPROVED  VENDORS 
Not  applicable 
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NONDESTRUCTIVE  EVALUATION  PLAN 


This  nondestructive  evaluation  (NDE)  and  nondamaging  testing  (NDT)  plan  is 
proposed  for  the  production  CMRB  to  assure  structural  quality  by: 

•  Detecting  critical  flaws 

•  Measuring  structural  integrity 

•  Evaluating  consistency  of  fabrication 

It  will  be  reevaluated  after  the  first  block  of  production  blades  is  completed, 
and  modified  if  necessary.  This  proposed  plan  anticipates  the  potential  for 
the  occasional  occurrence  of  flaws,  defects,  and  fabrication  errors  that  can 
degrade  the  structural  quality,  it  establishes  the  optimal  NDT  equipment 
and  procedures  for  evaluating  these  possible  defects,  and  it  quantifies  the 
tolerance  limits  that  are  acceptable  for  defects  and  manufacturing 
inaccuracies. 

Table  F-1  lists  defects,  flaws,  and  fabrication  errors  that  were  experienced 
in  the  CMRB  MM  and  T  prototypes  manufactured  to  date.  The  list  is  an 
anticipatory  forecast  for  the  production  blade,  and  will  be  updated  upon 
completion  of  the  blade  preproduction  program.  At  that  time,  a  better 
categorization  can  be  made  with  respect  to  defect  types,  likelihood  of 
occurrence,  size,  location,  probability  of  growth  rates,  and  better  analysis 
of  the  structural  criticality  of  the  various  defects.  The  tentative  consequences 
of  the  flaws  described  in  the  rightmost  column  of  Table  F-1  will  be  upgraded 
after  a  more  substantive  data  base  is  accumulated.  A  part  of  the  work  yet  to 
be  done  will  be  the  establishment  of  a  set  of  structural  criteria  that  provide 
"test/don't  test"  guidelines;  i.  e.  , 

•  "Search,  inspect,  test,  and  NDE  flaws,  defects  and  error 
that  each  individually  degrade  the  strength,  modulus,  fatigue 
resistance  of  the  MRB  by  more  than  5  percent  of  its  initial 
or  unflawed  value.  " 

Table  F-2  lists  potential  techniques  and  associated  instrumentation  for 
evaluating  the  CMRB.  Table  F-3  indicates  the  present  evaluation  of  the 
success  of  these  techniques. 


TABLE  F-1.  POTENTIAL  PRODUCTION  FLAWS  THAT 
MAY  OCCUR  IN  THE  CMRB 


Type  of  Defect 

Consequences  When  Defect  Exceeds 
Tolerance  Levels 

Interlaminar  deiamination 

Delamination  grows  with  cycling,  causing 
local  buckling. 

Disbonded,  debonded 
honeycomb  /  interface 

Flutter  and  loss  of  blade  stiffness  and 
rigidity. 

Porosity 

Degradation  of  shear  strength  of  epoxy 
matrix 

Void 

Local  weakening  of  strength  and  modulus. 

Resin  rich,  filament- 
poor  area 

Tensile  strength  and  modulus  decrease 
with  decreasing  fiber  volume  ratio. 

Resin  starved  area 

Compressive  strength  and  shear  strength 
decrease  with  increasing  unwetted  fila- 
ment-to-resin  ratio. 

Spartube  rib  buckle 

Loss  of  bending  stiffness  and  torsional 
rigidity. 

Thick  bond  lines 

Shear  rigidity  of  bondline  is  inversely 
proportional  to  its  thickness. 

Tip  or  leading  edge 
misiocation 

Blade  won't  track,  or  cannot  be  balanced 
easily. 

Root  end  bushing  misfit, 
splits,  voids,  cracks, 
separations 

Potential  for  premature  root  end  blade 
fracture  in  fatigue. 

Foreign  objects, 
inclusions 

Some  degradation  of  blade  durability  from 
inclusions. 
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TABLE  F-1.  POTENTIAL  PRODUCTION  FLAWS  THAT 
MAY  OCCUR  IN  THE  CMRB  (CONT) 


Type  of  Defect 

Consequences  When  Defect  Exceeds 
Tolerance  Levels 

Filled  honeycomb  cells 

Excessive  material  in  the  cells  bled  from 
surrounding  skin  to  point  of  resin 
starvation. 

Misoriented  plies, 
wavine  ss 

Localized  weakening  of  stiffness  and 
strength,  lowered  fatigue  resistance. 

Reworked  area 

Reintroduction  of  stress  concentrators 
and  fatigue  nucleation. 

Overlap,  underlap,  gap 

Local  loss  of  stiffness,  rigidity,  and 
fatigue  resistance. 

Internal  dent,  damage 

Local  loss  of  strength  and  fatigue 
resistance. 

Inhomogeneous  cure 

Degradation  of  strength  and  stiffness  over 
wide  area. 

Mislocation  of  root-end 
bushing 

Reduction  of  bushing  wail  and/or  flange 
thickness  during  final  machining,  with 
accompanying  reduction  in  strength. 

TABLE  F-2.  INSPECTION  NDE  METHODS  AH-64A  CMRB 


Instrument/ 

Inspection/  Te  St 

Technique 

Equipment 

Frequency^^) 

• 

Visual  detection 

Normal  illumination 

Inspector 

Every  blade 

-  High  intensity  light 

SI 50  Xenon  Lamp 

Every  blade 

• 

Audible  detection 

Manual  Tapping 

Inspector 

Every  blade 

Sonic  Brush 

NASA  Sonic  Brush 

Every  blade 

• 

Ultrasonic  scanning 
Pulse/echo  attenua- 

Mark  II  Harmonic 

Every  blade  in 

tion 

Bond  Tester: 
EPB-15-138. 

lot  1 

Pulse/echo  impedance 

Bondascope  2100 

Every  second  blade 

in  lot  1 

Ultrasonic  pulse, 

206  AU 

Every  third  blade 

acoustic  echo 

in  lot  1 

• 

X-ray  radiography 

Microfocused,  video- 

Magnaflux  NDT  9/6 

Every  blade  in 

taped 

lot  1 

Conventional,  negative 

Cedtech 

Questionable  blades 

film  to  scale 

from  microfocus 
X-ray. 

• 

Impulse /modal  response 

PCB  K291  A05 

Every  blade 

signature 

tapper 

• 

Structural  quality 

See  Figure  F-  1 

Every  second  blade 

measurement,  rigidity, 
frequencies  and 
hysteresis 

or  TBD 

(a) 


NDT  techniques  and  the  frequency  of  inspection  will  be  recommended 
after  the  20th  blade  is  produced. 


TABLE  F-3.  NDT/DEFECT  MATRIX 


Visual 

n 

n 

□ 

Normal 

D 

a 

• 

• 

D 

□ 

• 

• 

• 

High  intensity 

D 

D 

ni 

D 

D' 

□ 

Dl 

□ 

• 

• 

• 

• 

• 

Audible 

Tapping 

□ 

□ 

• 

• 

• 

Sonic  brush 

□ 

□ 

• 

• 

• 

Ultrasonic 

Attenuation 

□ 

□ 

D 

D 

□ 

□ 

• 

• 

• 

Impedance 

□ 

□ 

□ 

□ 

□ 

□ 

• 

□ 

D 

• 

• 

• 

• 

Acoustic  echo 

D 

D 

□ 

□ 

D 

D 

• 

• 

• 

• 

• 

• 

X-ray 

L 

_ 

_ 

Microfocus 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

• 

« 

• 

• 

• 

Conventional 

□ 

□ 

■ 

n 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

• 

• 

• 

r 

r 

r 

r 

r 

r 

r 

r 

r 

r 

Pulse  response 

in 

ID 

ID 

■ 

ID 

ID 

ID 

ID 

□ 

ID 

ID 

• 

• 

Structural  quality 

ID 

D 

ID 

ID 

ID 

n 

ID 

ID 

ID 

ID 

ID 

• 

• 

Dot  size  indicates  likelihood  of  detection 


FinURE  FOR  MEASURING  ROTOR  BLADE  STIFFNESS 


Figure  F-l.  Fixture  for  measuring  rotor  blade  stiffness. 
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A  tentative  level  of  acceptable  quality  is  defined  by  the  following  flaws, 
defects,  or  irregularities.  Those  that  fall  within  these  tolerances  will  be 
considered  acceptable  (minor)  manufacturing  errors.  Figures  F' 2  through 
F-l^  illustrate  these  flaws  and  their  tolerances.  Those  that  exceed  these 
tolerances  will  be  submitted  to  the  Material  Review  Board  and  treated  as 
unacceptable  until  disposed  of  by  the  Board. 

•  Skins  shall  be  wrinkle -free  over  80  percent  of  the  surface  area. 
No  single  wrinkle  shall  exceed  4.  0  square  inches  in  extent. 
Wrinkle  pits  perpendicular  to  the  surface  shall  not  exceed 

0.  06  inch  in  depth.  Overridding  folds  in  the  plane  of  the  skin 
shall  not  exceed  0.  15  inch.  No  two  wrinkles  shall  be  closer 
than  10.  0  inches  nor  shall  there  be  more  than  five  distinctly 
separate  wrinkles  in  a  blade. 

•  Longos  shall  be  free  of  waviness  over  99  percent  of  their  volume 
in  the  lug  area  and  80  percent  ov'er  the  remainder  of  the  blade. 
No  single  wave  shall  have  an  aspect  ratio  smaller  than  20. 

•  Spartube  sidewalls  shall  not  deviate  from  vertical  straightness 
by  more  than  0.  05  inch,  and  from  spanwise  straightness  by 
more  than  0.  50  inch. 

•  Interlaminar  Resin  overthickness  shall  be  less  than  0.  010  inch 
in  the  bushing  area  and  less  than  0.  030  in  the  longo  straight 
sections. 

•  Bushings  shall  adhere  to  longos  and  fillers.  No  single  disbond 
shall  exceed  0.  06  square  inch  in  area.  No  more  than  3  disbonds 
0.  06  square  inch  in  size,  shall  occur  per  bushing. 

•  Filler  cracks  shall  not  extend  more  than  1  inch  in  the  spanwise 
direction,  nor  more  than  0.  1  inch  in  chordwise  direction. 

•  Outer  Skins  shall  adhere  to  spar  caps,  and  inner  skins  shall 
adhere  to  longos. over  95  percent  of  their  interfaces.  No  single 
delamination  or  disbond  shall  exceed  1.  0  inch  on  an  axis,  nor 
shall  disbonds  be  within  less  than  4.  0  inches  of  each  other. 

•  Fiber/matrix  ratios  shall  rely  on  in-process  control. 

•  Filament  alignment  shall  be  within  ±3  degrees  of  the  correct 
orientation  for  ali  fibers. 
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•  Honeycomb  core  shall  adhere  to  the  skins  over  a  minimum  of 

90  percent  of  ceil  edges.  No  cell  edge  disbond  will  extend  beyond 
10  cells,  nor  shall  disbonded  cell  sets  be  closer  than  4  inches. 

•  Leading  edge  weights  shall  be  bonded  over  at  least  90  percent 
of  their  surfaces,  and  shall  be  positioned  within  ±0.  05  inch  of 
their  intended  chordwise  position  and  within  ±0.  2  inch  of  their 
intended  spanwise  position. 

•  Tip  weights  shall  be  bonded  over  at  least  90  percent  of  their 
surface  s. 

•  Torsional  rigidity^  shall  be  within  ±6  percent  of  the  moving 
cumulative  average  of  tested  blades. 

•  The  root  end  bushing  shall  be  located  within  drawing  tolerance. 

All  production  CMRB  inspection  and  NDE  Planning  Packages  shall  be  jointly 
reviewed  and  approved  by  Quality  Engineering,  Materials,  Processes,  and 
Specifications  (MPtS)  and  cognizant  Design/ Technical  Engineering  and  shall 
be  in  conformance  with  the  instructions  in  Quality  Assurance  Production  Plan 
for  t.he  CMRB. 
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FOR  honeycomb  AREA  ONLY 


•  MAXIMUM  ALLOWABLE  UNBONDED 
AREA  IS  ONE  SRUARE  INCH 

•  MINIMUM  SPACING  FOR  FLAWS 
IS  10  INCHES 


Figure  F-3.  Disbonded  honeycomb. 
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•  MAXIMUM  ALLOW¬ 
ABLE  POROSITY 
DIAMETER  IS 
0.30  INCH 

•  MINIMUM  SPAC¬ 
ING  FOR  FLAWS 
IS  5  INCHES 


s. 


•  MAXIMUM  VOID 
LENGTH  IS 
0.5  INCH 

•  MINIMUM  SPAC¬ 
ING  FOR  FLAWS 
IS  5  INCHES 


0.02  INCH  (MAXIMUM) 


Thick  bondline,  irregular  adhesive  thickness. 


LEADING  EDGE  WEIGHT  DISPLACEMENT 
NOT  TO  EXCEED  0.05  INCH 


Figure  F-8.  Leading  edge  weight  location  tolerance. 


VOID  OR  INCLUSION 


MILLED  FIBER 


VOID 


•  SUBMIT  TO  MRB  AND 
STRESS  ENGINEERING 
FOR  REVIEW  OF  ANY 

flaws  in  lug  area 

•  CHECK  FOR  RESIN- 
CRACKS 


Figure  F-9.  Root  end  lug  area. 


•  SUBMIT  TO  MRB 
AND  WEIGHTS 
ENGINEERING 
FOR  REVIEW 


HYPODERMICALLY  REFILLED  DELAMINATION 


•1.5  INCH  DIAMETER- 


•  -Y"  ^  1.  10 

•  FILL  WITH  RESIN 

•  MINIMUM  FLAW 
SPACING  IS 
10  INCHES 


•  MIS-DRILLED  HOLE  UP  TO 
0.125  INCH  DIAMETER 
BETWEEN  B.S.  47  AND 
268  MAY  BE  FILLED 
WITH  RESIN 


Figure  12.  Reworked  areas. 


NO  VISIBLE  DENT 


0.75  INCH  DIAMTER 


•  MAXIMUM  ALLOWABLE 
DIAMETER  IS  0.75  INCH 

•  MINIMUM  FLAW  SPACING 
IS  5  INCHES 


Figure  F-13.  Dent  from  tool  drop  or  hammering. 
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Figure  F-14.  Overlap,  underlap,  and  gaps. 


V/RINKLESt  V/AVINESS 


SPECIFIED 

ORIENTATION 


•  MAXIMUM  ALLOW¬ 
ABLE  AREA  IS 
0.75  INCH 
DIAMETER 

•  MAXIMUM  ALLOW¬ 
ABLE  DEPTH  IS 
5  PERCENT  OF 
LAMINATE  THICK¬ 
NESS 

•  MINIMUM  FLAW 
SPACING  IS 
5.0  INCHES 


Figure  F-15.  Improper  fly  laydown. 
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APPENDIX  G 


FAILURE  MODES,  EFFECTS.  AND  CRITICALITY 
ANALYSIS  OF  THE  COMPOSITE 
MAIN  ROTOR  BLADE  FOR 
THE  AH-64A  HELICOPTER 


Failure  Modes.  Effects  and  Criticality  Analysis  (FMECA) 


Failure  Modes,  effects  and  criticality  analysis  (FMECA) 


Failure  mooes.  Effects  and  criticality  Analysis  (FMECA) 


Failure  mooes,  effects  and  criticality  analysis  jfmeca) 


Failure  Modes,  Effects  and  Criticality  analysis  (FMECA) 
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Failure  mooes,  effects  and  criticality  analysis  (FMECA) 


Failure  mooes.  Effects  ano  criticalitv  Analysis  (FMECAJ 
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Failure  mooes,  effects  and  CRiTicAtiTv  analysis  (FMECA) 
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Failure  Modes.  Effects  and  criticality  analysis  (FMECA) 
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Failure  Mooes,  effects  and  Criticality  analysis  (FMECA) 
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Failure  imodes.  effects  and  criticality  analysis  (FMECA) 
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Failure  Mooes,  Effects  and  criticality  analysis  (FMECAI 
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Failure  mooes.  Effects  and  Criticalitv  Analysis  (FMECA) 
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FAILURE  MODES.  EFFECTS  AND  CRITICALITY  ANALYSIS  (FMECA) 


G-18 


Failure  mooes.  Effects  and  Criticality  analysis  (FMECA) 
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Failure  Mooes.  Effects  and  criticality  analysis  (FMECA) 
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Failure  Mooes.  Effects  and  criticality  Analysis  JFMECAJ 
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Failure  Mooes.  Effects  ano  Criticalitv  analysis  (FMECA) 
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FAILURE  MOOES.  EFFECTS  AND  CRITICALITY  ANALYSIS  (FMECA) 
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APPENDIX  H 


STRESS  ANALYSIS 


0 
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The  static  and  fatigue  stress  analyses  for  the  CMRB  show  that  it  is  satisfactory, 
structurally,  for  the  mission  of  the  AH-64A.  For  the  undamaged  blade,  the 
analysis  shows  that  there  will  be  no  failure  at  ultimate  load  (1.  5  x  limit  load), 
and  negligible  permanent  set  under  limit  loads.  Table  H>1  summarizes  the 
minimum  margins  of  safety  for  critical  regions  of  the  blade.  Positive  mar¬ 
gins  are  shown  throughout.  This  finding  was  verified  by  the  laboratory  tests. 


TABLE  H-1.  MINIMUM  STATIC  IvlARGINS  OF  SAFETY 


Blade 

Station 

Item 

Load 

Condition 

Type  of  Stress 

Margin 

of 

Safety 

39 

Attach 

Lugs 

RPM  =  289 

V  =  180  Kts 
M^  =  3.5 

Tension  in  Kevlar  Windings 

0.40 

191.7 

Constant 

Section 

RPM  =  289 

V  =  180  Kts 
M,  =  3.5 

Compression  in  Kevlar  spar 
longos  in  the  constant 
section 

0.  06 

87 

Constant 

Section 

RPM  =  289 

V  =  180  Kts 
M^  =  3.  5 

Shear  due  to  torsion  in  ±45* 
layers  of  the  constant 
section 

0.05 

89 

Constant 

Section 

RPM  =  0 

Max  T orque 

V  =  0  Kts 

n  =1.0 
z 

Compression  in  Kevlar  spar 
longos  after  the  T.E.  longos 
have  buckled 

■ 

270 

Blade 

Tip 

RPM  =376 

Vf  =  150  Kts 

n  =3.5 
z 

Tension  load  applied  to  tip 
weight  housings  and  blade 
tip 

High 

The  fatigue  life  of  the  CMRB  has  been  substantiated  by  a  combination  of  analy¬ 
sis  and  component  fatigue  tests.  In  using  the  test  data,  the  endurance  limit 
is  reduced  for  scatter  effects  according  to  Table  H-2.  The  life  for  the  vari¬ 
ous  sections  of  the  CMRB  are  presented  in  Table  H-3.  That  the  CMRB  has 
an  adequate  static  margin  of  safety  and  a  fatigue  life  in  excess  of  4500  hours 
has  been  verified  by  laboratory  test  of  full-scale  specimens. 


TABLE  H-2,  L-N  CURVE  SCATTER  REDUCTION  FACTORS 


Number  of  Fatigue 

Test  Specimens 

Percent  of  Mean  L-N 

Curve  U  sed 

1 

50% 

2 

65% 

3 

75% 

4  or  more 

Statistical  analysis 

(M-3cr) 

TABLE  H-3.  FATIGUE  ANALYSIS  -  SUMMARY  OF  COMPONENT  LIVES 


Blade 

• 

Station 

Item 

Condition 

Life 

39 

Root  Lugs 

Weighted  Fatigue 

4, 500  hours 

Ground-Air- Ground 

100, 000  hours 

39 

Root  Close-Out 

Weighted  Fatigue 

Infinite 

55 

Root  Doubler 

Weighted  Fatigue 

4, 500  hours 

84 

Constant  Section 

Weighted  Fatigue 

4,  500  hours 

160 

Constant  Section 

Weighted  Fatigue 

4,  500  hours 

192 

Constant  Section 

Weighted  Fatigue 

4, 500  hours 

270 

Tip  Components 

Gag 

Infinite 
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F.L.  =  FATIGUE  LIFE 


M.S.>0.01 
F.L.  >30  MINUTES 


Jmmnnnnr^ 


M.S.  =  0.01 
F.L.  >30  MINUTES 


Figure  H-1.  Ballistic  survivability  summary  -  23mm  HEI-T  threat. 
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APPENDIX  I 
MASS  PROPERTIES 


I-l 


The  mass  properties  of  the  CMRB  are  summarized  in  Tables  I-l  and  1-2. 

The  figures  show  the  distribution  of  weight,  chordwdse  center  of  gravity,  and 
pitching  inertia  along  the  span  of  the  blade.  Table  I-l,  the  rotor  blade  group 
(shipset  of  four  blades)  weight  chart  specified  by  Reference  I-l,  shows  a 
CMRB  group  weight  of  603.2  pounds  -  a  24.  6 -pound  reduction  from  the  metal 
blade  group.  Table  1-2  documents  the  CMRB  center  of  gravity  characteristics 
for  three  zones  along  the  blade  span  that  were  required  for  blade  dynamic 
analysis.  The  polar  moment  of  inertia  of  each  CMRB  is  993  s lug -feet- 
squared  as  compared  with  1017  slug-feet-squared  for  the  metal  blade.  This 
is  anticipated  to  have  a  negligible  effect  on  autorotation  performance. 


Military  Standard  -  Weight  and  Balance  Data  Reporting  Forms  for 
Aircraft  (including  Rotorcraft),  MIL-STD-1347A  Part  II, 

30  September  1977. 
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TABLE  I-l.  AH-64A  ROTOR /BLADE  GROUP  WEIGHT  (CONT) 
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TABLE  1-2.  CENTER  OF  GRAVITY  CHARACTERISTICS 
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APPENDIX  J 


AEROELASTICITY  AND  MECHANICAL  STABILITY 


I 


9 


-( 


The  stability  of  the  CMBB  and  support  structure  was  investigated  by  a  linear 
eigenvalue  analysis  and  by  a  nonlinear  transient  analysis  described  in 
Reference  8.  The  eigenvalue  analysis  couples  an  eleven>ceU  single  blade  to 
a  simple  model  of  the  hub  flexibility  and  fuselage  rigid  body  degrees  of  free¬ 
dom.  The  rotor  support  flexibility  and  fuselage  rigid  body  degrees  of  freedom 
are  necessarily  isotropic  for  this  linear  analysis.  Coupling  terms  are 
included  to  relate  blade  pitch  changes  to  hub  motion.  This  idealization  of  the 
system  is  adequate  to  represent  the  advancing  and  regressive  cyclic  modes 
of  the  system,  the  most  important  of  which  is  the  advancing  whirl  mode.  The 
nonlinear  transient  analysis  allows  the  anisotropic  properties  of  the  rotor 
system  to  be  represented  and  includes  all  four  blades,  lateral  and  longitudinal 
control  stiffnesses,  hub  constraints,  fuselage  free-body  modes,  and  two 
fuselage  bending  modes.  Each  blade  is  represented  by  five  degrees  of 
freedom:  two  flap  modes,  two  torsion  modes,  and  one  lead-lag  mode. 

Cyclic  and  collective  resonance  diagrams,  including  the  influence  of  aero¬ 
dynamic  forces,  are  presented  in  Figures  J-1  and  J-2,  respectively,  and 
show  good  separation  between  natural  frequencies  and  forcing  functions  for 
all  modes  except  for  the  second  torsion  mode  and  the  7J1  line.  However,  this 
mode  is  very  well  damped  and  was  impossible  to  excite  during  the  whirlstand 
test,  and  is  considered  to  be  acceptable  for  the  CMRB.  Figure  J-3  shows 
modal  damping  ratios  as  a  function  of  rotor  speed  for  a  series  of  forward 
speeds,  and  Tables  J-1  through  J-3  show  the  corresponding  natural 
frequencies.  Forward  speed  is  accounted  for  by  applying  aerodynamic 
forces  corresponding  to  the  90-degree  azimuth  position  (advancing  blade). 

Figure  J-4  shows  the  whirl  mode  damping  for  the  severe  condition  obtained 
from  the  linear  eigenvalue  analysis.  The  most  critical  condition  (63/4  = 

6  degrees,  N^,  =  3.  5)  has  a  stability  bovmdary  above  130  percent  Nj^. 

Advancing  lag  mode  stability  boundaries  are  presented  in  Figure  J-5  and 
show  a  low  boundary  for  the  case  of  high  load  factors  at  low  collective  pitch 
settings  (cyclic  pullup  in  autorotation).  However,  in  comparing  this  figure 
with  Figure  B-7  of  Reference  J-1,  the  CMRB  is  shown  to  have  an  improve¬ 
ment  in  the  advancing  lag  mode  stability  boundaries  over  that  of  the  metal 


Silverthorn,  L.  J.  ;  Childers,  H.  M.  ,  and  Neff,  J.  R.  ,  Preliminary 
Aeroelasticity  and  Mechanical  Stability  Report  YAH-64  Advanced  Attack 
Helicopter,  Hughes  Helicopters,  Inc.  Report  No.  77-X-8001,  June  1976. 
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Figure  J-3.  CMRB  modal  damping  versus  rotor  speed  (Sheet  4  of  4). 
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TABLE  J-1.  CMRB  DAMPED  NATURAL  FREQUENCIES 
3.  5  e.  0.  =  12*,  HOVER 


TABLE  J-2.  CMRB  DAMPED  NATURAL  FREQUENCIES, 
3.5  0.  =  IZ\  V  =  150  KNOTS 


TABLE  J-3.  CMRB  DAMPED  NATURAL  FREQUENCIES 
3.  5  e.  0.  ,  =  12"  V  =  235  KNOTS 
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J-5.  CMRB  advancing  lag  mode  stability  bovindaries 


blade.  Reference  J-1  shows  that  the  linear  eigenvalue  analysis  is 
conservative  compared  to  the  four  blade  transient  analysis. 


A  transient  analysis  was  run  for  the  most  severe  advancing  lag  mode  case 
(®3/4  ~  ®  degree,  =  3.  5g,  376  rpm).  An  initial  chordwise  excitation  was 
applied  to  one  of  the  blades  and  the  decay  of  the  mast  bending  response  was 
measured  to  calculate  damping.  The  results  shown  in  Figure  J-6  indicate 
that  the  condition  is  stable  with  a  modal  damping  of  g  =  -0.  033.  It  is, 
therefore,  concluded  that  the  advancing  lag  mode  stability  boundary  is 
greater  than  130  percent 

For  the  mechanical  instability  (ground  resonance)  analysis  of  the  AH-64A 
with  the  composite  main  rotor  blades,  the  most  important  parameter  is  the 
blade  first  moment  about  the  lag  hinge.  As  shown  in  Table  J-4,  both  the 
blade  weight  and  first  moment  are  less  for  the  CMRB  than  for  the  metal 
main  rotor  blade.  Since  the  lead-lag  dampers  and  airframe  are  unchanged 
for  the  ClvfRB,  the  reduced  blade  first  moment  will  give  increased  ground 
resonance  stability  margins.  Therefore,  the  AH-64A  with  composite  main 
rotor  blades  should  have  at  least  as  good  ground  resonance  stability  as  that 
demonstrated  with  the  metal  blades. 

In  summary,  the  advancing  whirl  mode  stability  boundary  is  above 
130  percent  Np  for  all  load  factors  and  collective  pitch  settings,  the  advancing 
lag  mode  stability  boundary  is  above  130  percent  Np,  there  are  no  flutter  or 
divergence  limitations  within  the  operating  spectrum  of  (^30  percent  Np) 

and  115  percent  of  Vdl>  mechanical  stability  margins  are  similar  to 
those  of  the  AH-64A  with  the  metal  blades.  With  respect  to  the  torsional  sta¬ 
bility  of  the  main  rotor  drive  system,  the  only  difference  in  the  system  with 
the  CMRB  installed  from  that  with  the  metal  blade  installed  is  a  minor  reduc¬ 
tion  in  rotor  inertia  from  0.829  slug-feet^  for  the  metal  blades  to  0.783  slug- 
feet^  for  the  CMRB.  Hence,  both  systems  are  anticipated  to  perform 
similarly. 
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LATERAL  MAST  BENDING  (IN.  -  LB  X  1D“^)  LONGITUDINAL  MAST  BENDING 


TABLE  J-4.  MAIN  ROTOR  BLADE  WEIGHT  AND  MOMENT  COMPARISON 


Metal  Blade 

CMRB 

%  Change 

Weight  (lb) 

154.  3 

147.  3 

-4.  5 

{r|*  (in-lb) 

18, 980 

17, 940 

-5.  5 

li  (slug-ft^)** 

1,  017 

993 

•Z.4 

=  Blade  first  moment  about  the  lag  hinge  (r  =  34.  5  inches) 
**Ij  =  Rotor  blade  polar  moment  of  inertia  about  rotor  shaft 
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Reliability  assessment  of  the  CMRB  is  based  on  a  Failure  Modes,  Effects, 
and  Criticalit)'  Analysis  (FMECA)  that  considers  degradation  of  reliability 
that  may  occur  during  subassembly  manufacturing  processes,  final  blade 
assembly  manufacturing  processes,  and  in-service  operations.  The  types  of 
defects  contributing  to  reliability  degradation,  the  effects  on  blade  and  air 
vehicle  performance  (as  determined  by  the  FMECA),  and  compensating  pro¬ 
visions  wherein  these  defects  can  or  are  being  ameliorated  are  discussed 
below. 

The  significant  contributors  to  reliability  degradation  are  hazards  induced 
during  air  vehicle  operation  and  maintenance,  including  thermal  cycling, 
shock,  vibration,  aircraft  fluids,  rotor  downwash  (induced  airborne  particles 
and  foreign  object  damage),  rocket  debris,  rough  handling,  impact  with  ter¬ 
rain  objects,  maintenance,  and  contact  with  work  stands  and  ground  vehicles. 
Design  allowables  tend  to  compensate  for  some  of  these  hazards  and  the 
resultant  degradation  may  be  readily  visible.  However,  the  resultant  degrada¬ 
tion  due  to  those  hazards,  but  not  readily  visible,  can  only  be  determined  by 
an  effect  and  adequate  nondestructive  evaluation  or  nondestructive  test  tech¬ 
nique.  Based  on  results  of  previous  testing  and  for  equivalent  material  thick¬ 
ness,  the  order  of  damage  tolerance  is  as  follows.  Kevlar  is  the  most  damage 
tolerant,  graphite  is  much  less  damage  tolerant,  and  fiberglass  is  intermedi¬ 
ate.  Sandwich  construction  has  poorer  impact  resistance  than  monolithic 
constructions  and  tends  to  suffer  reductions  in  strength  due  to  subsurface 
damage. 

Being  made  primarily  of  advanced  composite  materials,  corrosion  as  a 
failure  mode  will  be  essentially  non-existent  for  the  CMRB.  Of  the  metal 
parts  that  could  be  subject  to  corrosion,  the  304  CRES  tip  weight  is  passivated, 
the  A356-T6  aluminum  aft  tip  weight  and  6061  T4  aluminum  adjustable  weights 
are  chromic  acid  anodized,  tungsten  adjustable  weights  are  etched  and  primed, 
17-4  PH  bushings  and  forward  tip  weight  are  passivated,  and  the  316  CRES 
balance  rods  are  wiped  with  MEK  prior  to  being  embedded  in  the  epoxy  matrix. 

Delamination  of  the  Kevlar  plies  can  occur  during  in-service  operations 
resulting  in  loss  of  blade  performance  and  possible  excessive  vibration.  The 
FMECA  has  determined  that  20  percent  of  the  failure  rate  is  attributed  to 
delamination  with  resulting  reliability  degradation.  These  delaminations  can 
be  detected  using  non-destructive  inspection  techniques. 

While  porosity  or  voids  within  the  elements  themselves  should  not  occur 
because  rigid  inspection  techniques  would  have  discovered  them  prior  to 
assembly,  porosity  or  voids  can  occur  between  any  of  the  blade  components 


K-3 


during  the  temperature-pressure  curing  process.  Porosity  or  voids 
contribute  approximately  4  percent  to  the  total  failure  rate  of  the  CMRB, 
according  to  the  FMECA.  The  remoteness  of  their  occurrence  is  based  on 
the  nondestructive  inspection  (NDI)  and/or  nondestructive  evaluation  (NDE) 
techniques  used  on  the  CMRB  after  its  initial  molding,  or  after  in-service 
repair, 

Resin-starved  areas  result  in  delamination  as  well  as  an  upset  of  the  fiber/ 
resin  density  ratio.  Resin-rich  areas  result  in  an  upset  of  the  desired  fiber/ 
resin  density  ratio.  Both  resin-starved  or  resin-rich  areas  can  contribute 
to  blade  imbalance  and  loss  of  effective  blade  performance.  These  conditions 
can  only  occur  during  manufacturing,  not  during  in-service  operations,  and 
would  be  discovered  during  inprocess  control.  The  resin-rich  or  resin- 
starved  defect  is  not  considered  as  a  failure  mode  in  the  FMECA  since  it 
would  be  a  failure  mechanism  (cause  )  of  a  delamination  failure  mode. 
Unbonded  areas  defects  would  be  prevalent  only  during  the  final  manufactur¬ 
ing  phase.  Debonding  can  occur  during  the  final  manufacturing  process  as 
well  as  in-service  operations.  Reliability  degradation  caused  by  debonding 
results  in  degraded  blade  performance  and  excessive  blade  vibration  thus 
affecting  air  vehicle  performance.  Debonding  represents  about  2  0  percent 
of  the  failure  rate  as  determined  by  the  FMECA.  Bond  line  consistency  will 
prevent  debonding  during  in-service  operations. 

Rain  erosion  and  ultraviolet  (UV)  radiation  contribute  greatly  to  environmental 
degradation  of  CMRB  reliability.  Sand  and  dust  can  be  classified  as  FOD- 
induced  erosion,  as  in  maintenance -induced  damage  due  to  tool  marks  or 
tool  drops.  A  leading  edge  erosion  strip  tends  to  protect  against  erosion. 

All  trimmed  edges  are  capped  to  prevent  water  absorption.  The  blade  is 
painted  with  an  epoxy  primer  and  a  urethane  top  coat  to  preclude  degradation 
of  the  Kevlar  and  epoxy  from  UV  radiation. 


Three  areas  of  the  blade  that  are  candidates  for  repair  are  the  leading  edge, 
the  multitubular  spar  area,  and  the  aft  portion  of  the  blade.  The  root  end 
region  is  considered  to  be  not  repairable.  The  thermoplastic  elastomer 
(Estane)  leading  edge  erosion  material  may  be  repaired  on  the  helicopter  by: 


•  Repair  local  pitting 

•  Cut  away  and  repair  local  area 


use  kit  furnished  by  manufacturer 


•  Remove  entirely,  and  bond  on  new  Estane  strip 


The  repair  technique  for  the  multitubular  spar  area  is  anticipated  to  include 
trimming  away  damaged  material,  scarfing  the  blade  skin  around  the  hole, 
emplacing  spar  tube  repair  segments,  applying  a  0>degree  longo/±45-degree 
composite  skin  patch,  bonding  the  patch  in  place  with  heat  and  pressure,  and 
sanding  and  painting  the  area.  The  repair  technique  for  the  aft  portion  of  the 
blade  will  be  to  trim  away  the  damaged  skin  and  underlying  honeycomb.  A 
small  repair  area  will  be  filled  with  glass  milled  fiber /epoxy  paste  —  a  piece 
of  honeycomb  will  be  cut  to  fit  and  bonded  into  larger  damaged  areas.  The 
procedure  for  patching  and  the  skill  required  will  be  similar  to  that  for  the 
spar  area.  Tip  weight  adjustment  may  be  required  to  compensate  for  the 
location  and  weight  of  the  repair  patches. 

HHI  plans  to  estimate  the  damage  that  can  be  safely  repaired  and  then  define 
the  skin,  longo,  and  spar  repair  materials  and  adjesives  that  are  necessary 
to  perform  the  repair.  HHI  plans  to  select  one  CMRB,  make  a  repair  to  it 
in  each  of  the  two  zones,  and  subject  the  blade  to  a  midspan  fatigue  test  to 
evaluate  the  effectiveness  of  the  repair  during  the  full  qualification  effort. 

A  failure  reporting  system  based  on  the  Army-developed  RAM/LOG 
(Reliability  Availability  Maintainability /Logistics)  data  collection  methodology 
(AMSAV-L  form  1249,  1250,  1252,  1266)  will  be  instituted  with  the  beginning 
of  flight  test.  These  forms  will  be  used  to  record  all  failures  that  occur  during 
the  test  program.  Then  a  qualitative  reliability  assessment  will  be  made 
based  on  the  data  that  results.  This  assessment  will  then  be  evaluated  against  . 
the  comparative  reliability  value  of  the  metal  blade  that  is  currently  used  on 
the  AH-64A  flight  vehicles. 
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The  Maintainability  Engineering  Analysis  (MEA)  for  the  CMRB  addressed  all 
the  failure  modes  and  effects  data  that  are  reported  in  the  Reliability  Assess¬ 
ment  section  as  representing  unscheduled  maintenance  items.  The  scheduled 
maintenance  part  of  this  MEA  includes  both  daily  and  phased  inspection. 
Phased  inspection  includes  routine  preparatory  cleaning  and  selected  preven¬ 
tive  maintenance  tasks.  This  MEA  for  Aviation  Unit  Maintenance  (AVUM), 
Aviation  Intermediate  Maintenance  (AVIM),  and  Depot  Maintenance  (DEPOT) 
predicts  maintenance  man-hours  per  flight  hour  as  listed  in  Table  L-1. 

The  repair  limits  and  maintenance  organization  levels  that  are  listed  in 
Table  L-Z  are  based  on  design  criteria  and  stress  evaluations.  The  repair 
level  is  considered  to  be  very  conservative  inasmuch  as  many  of  the  minor 
damage  listings  could  be  downgraded  to  the  next  lower  maintenance  level  from 
AVIM  to  AVUM.  In  fact,  because  of  the  slow  damage  propagation  rates  of  the 
CMRB,  many  repairs  could  receive  temporary  AVUM  repairs  and  be  operated 
for  an  additional  10  hours,  or  until  a  scheduled  preventative  maintenance 
check. 

The  repair  procedures  that  are  outlined  in  Table  L-3  address  the  major  and 
minor  damage  listed  in  Table  L-2.  While  HHI's  Maintainability  Engineers 
consider  these  repair  procedures  to  be  within  the  current  State-of-the-Art, 
it  is  realized  that  the  aerospace  industry  is  putting  increased  emphasis  on 
composite  structures  and  their  repair  causing  the  current  state-of-the-art 
to  change  significantly. 

As  new  technology  becomes  available,  it  will  be  incorporated  into  the  repair 
procedure.  During  the  CMRB  production  program  it  is  planned  to  further 
refine  the  depot  level  repair  procedures. 


TABLE  L-1.  MAINTENANCE  MAN-HOURS /FLIGHT  HOUR 


Level 

Scheduled 

Unscheduled 

Total 

AVUM 

0. 00898 

0.  0200 

0. 02898 

AVIM 

0. 01473 

0.  0125 

0. 02723 

DEPOT 

0. 00697 

— 

0. 00697 

0. 03068 

0.0325 

0.06318 
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TABLE  L-2.  CMRB  DAMAGE  LIMITS  AND  MAINTENANCE  LEVELS 

l-f.  erosion  strip 
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backstrip  damage.  Prepare  and  fit,  bond 
in  place,  heat  if  required.  Fill  edge 
gaps  with  kit  material. 
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sheet,  and  pressure  pads,  remove  poly 
sheet.  F31end  as  required  and  refinish. 
Direction  filaments  apply. 
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*(TR)  designates  temporary  repair  -  permanent  repair  may  be  delayed  up  to  10  flight  hours 
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Because  of  its  high  safety  factor  and  slow  damage  propagation  rate,  the 
CMRB  is  able  to  withstand  minor  damage  w'hile  remaining  serviceable.  How¬ 
ever,  a  temporary  repair  that  is  essentially  cosmetic  will  keep  out  dirt  and 
moisture  and  retain  the  necessary  aerodynamic  shape  until  it  is  convenient 
to  make  a  permanent  repair.  Repair  man-hours  for  those  items  listed  as 
minor  are  estimated  to  require  1.  6  to  2.4  man-hours  plus  cure  time  of  2  hours 
at  ambient  temperature  of  77°F,  or  30  minutes  with  supplemental  heat.  Major 
damage  repairs  at  the  A  VIM  level  are  estimated  to  require  an  average  of 
7  man-hours.  In  addition,  the  cure  times  given  above  must  be  added. 

Depot  level  repairs  were  not  estimated  and  will  require  specific  engineering 
for  custom  repair  designs. 
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APPENDIX  N 


f  DRAWING  LIST  FOR  THE  COMPOSITE 

MAIN  ROTOR  BLADE  FOR  THE 
AH-64A  HELICOPTER 


N-l 


Drawing 

Number 


Revision 


Title 


7-311412500 

R 

Blade 

7-311412508 

D 

Blade  Ordinates 

7-311412509 

A 

Lines  Definition 

7-311412511 

M 

Closure,  Inboard 

7-311412512 

E 

Door 

7-311412514  1 

D 

Weight 

7-311412515 

C 

Bolt 

7-311412516 

E 

Erosion  Strip 

7-311412517 

F 

Bracket  Assembly 

7-311412530 

G 

Weight  Assembly 

7-311412531 

C 

Spar  Tube  No.  1 

7-311412532 

Spar  Tube  No.  2 

7-311412533 

C 

Spar  Tube  No.  3 

7-311412536 

J 

Longo,  T.  E. 

7-311412537 

L 

Cap  Assembly 

7-311412538 

H 

Doubler  Assembly,  Skin 

7-311412539 

E 

Doubler,  Cap 

7-311412541 

F 

Wedge,  Inboard 

7-311412542 

K 

Wedge,  Spar  Cap 

7-311412543 

H 

Core  Assembly,  Tip 

7-311412545 

D 

Skin 

7-311412546 

G 

De-icer  Blanket 

7-311412547 

E 

Lightning  Screen 

7-311412548 

J 

Weight,  Forward,  Tip 

7-311412549 

K 

Weight,  Aft,  Tip 

7-311412550 

B 

Tip  Weight,  Leading  Edge 

Drawing 

Number 


Revision 


Title 


7-311412551 

— 

Rod 

7-311412553 

A 

Backing  Strip 

7-311412554 

— 

Backing  Strip,  Tip 

7-311412556 

C 

Bracket  Assembly 

7-300412557 

G 

Root  End  Dam 

7-311412559 

A 

Cap,  Leading  Edge 

7-311412561 

E 

Hinge,  Trim  Tab 

7-311412563 

G 

Plate,  Face 

7-311412567 

F 

Plate  Clevis 

7-311412568 

B 

Bushing 

7-311412569 

C 

Inner  Skin 

7-311412570 

A 

Absorber  Assembly 

7-311412572 

D 

Core,  Aft 

7-311412573 

D 

Channel 

7-311412574 

G 

Core  Assembly,  Ait 

7-311412575 

B 

Filler  Doubler 

7-311412576 

C 

Closure,  Outboard 

7-311412577 

— 

Strip,  Fairing 

7-311412581 

B 

Target  Set 

